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(57)Abstract 

PROBLEM TO BE SOLVED: To realize memory cells effective for a highly integrated device by 
reducing the energy difference between the valence band top end of a second semiconductor 
layer and vacuum level below that between the valence band top end of a first and third 
semiconductor layers and vacuum level. 

SOLUTION: A main surface of a p-type Si substrate 1 is provided with a first p-type Si 
semiconductor layer 3 through a silicon oxide layer 2. On element-forming regions 21 on this 

layer 3 a second p-type SiGe semiconductor layer 4 and third p-type Si semiconductor layer 5 9 J0(WL)y'VL 


are formed. The energy difference between the valence band top end of the second 
semiconductor layer 4 and vacuum level is reduced below that between the valence band top 
end of the first and third semiconductor layers 3, 5 and vacuum level. Thus it is possible to easily 
realize memory cells effective for a highly integrated device. 
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(57) [M&] 

[RSI DRAM»g<DilS3g»{b£0£C<i: o 

(IE?l) ^KGiAi*5Ci*s-C^SpS->>;=3>^3. 
p ga^ y 3 >^;i< v .=. aji 4 *>- j: o* p mz/ V => »1 5 

mos h7>y^^^5. 
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*Wttl*iJ:W»3 04^«M^COJIirS«EID^68l 

[»#«3] «rsas«tt, ifiiiii, cossbki* 

85»«¥»f«B»fflr8a»l, »2*J:^3©¥3W*JB 

Stt. ffirfBMOS h7>^^^^*>jKS8<Di*tc, fa 
IBM OS h5>^X^0D^-hffi#M<!:B?iBSS^ft 

OH?fBS®^ftM«luffimiCD^«:Ji'C«^§tl, 

[»*«4] Su8BS«tt, S«*ft»Bi, C < 
■<D£«ffiecR W 6 ti /cS#^2g«l 4 6 S *i , 
B'jfBMO S h ^ >>>X dr^fiRS ^fc3R^^««CDir 
f BS«¥«f#B tefiu IBJg 1 , fjl 2 4b J: c«B 3 <D¥-m&m 

MfBMOS h ^>^*£rt^>tfc^CD4#K:, fa 

ibmos h^>^x^cD^-h mmm t mnmm*m& 

M 4 co&m 6 , c ©»HT© lulSS«i|feftfli 4 mjfSS 


C2) ^H^p 1 0 - 9 2 9 5 2 

2 

m— <d\?v h»*^*L/3tcCi2o<z>y^ey42;i/r^sti 
/c^^^IJ^^^MBSffi^ft^^s^^t,^ 4 
**3f«4 1 *fcWJ»jJ&S2 fcKtt<D¥3Wtte 

[»*«5] ffiTIB«aRH». BaiBtf? h«43£3IU #> 

r*»cc«fllSft*J:5K:, 2o<z>»7- F«fffl 

10 4 (Dl^m^CClBtSCD^Ittl BttSSfio 

htmjSu $ ti-3t«B»«:#fi[Ccifefi:©flBE*-^7L S fcifr© 
«« 3 > * * f ifi&iSL £ ft ri * S C 4 ^t^f® 4T£f|pfc 
^4 CCie»gCD^«<*IBti^Mo 

20 [ 0 0 0 1 ] 

[0 0 0 2 ] 

4 1 ffl<D* ^ £ *) J ij -fe;!/^*^ S tl/cD R 

[0003] ^ ^X(Di^^jqixrfBttM# (tM» co 
ti€>m^ (Sill) (SSImI) Sffii^i: 
[0 0 0 4] C<Dtc$>, jt^V-tefrCDffim&tB/^lsXS 

[0 00 5] -^^^^C^^^^ix^^^j:^ 

to <DA#^Rl#4^orc>/c e 

[0 00 6] »«flt«««:»«-r43fca)«Ctt, *««E 

[0 0 0 7 ] Cft6©ra«*jK*T*fcfc{C, ^^y-fe 

^>^»ty-fe;w^<o^$nrc^o L^iyft* 
6, cn^fi^wv^^y-feMt h^isv^zm 

0 [0 0 0 8 ] SOISfiCC^^n/clfflCDMO 
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S h^'SZZiJ^'J-kfrtTZ 1 
#*yg£4T.Tt,>£ (M. Tack, M. Ga o, C 1 a 
eys and G. Declerck: IEEE T 
ransactions on Electron D 
evices, ED-37 (1990) p. 1373 
-13 8 2). 

[0 00 9] C©1 F 5>^*£-fe;l/-C«, m&tMcy 
n-r-i > s o i m&ftictt&ititc&m** v 

(J, SOI SffiftyC t Dii£*l/c^£fc* + y T©S©it 
[0 0 10] l/*>l/W6. SOIlS^O^S+t 

f ■4*>zmmisxi,*2>tcsb. s^jA^ms£*5/jN$ < , 

U T©^}#^#^+#-e£>-2>/c«Ht. 7 7 K U-cjKD 
[0 0 1 1 ] 

[f&9ia*»fcL<fc5 tTZWm] ±M©£p< . Hl©M 
os HB©^ + '->*'>*tcJ:?)^' : e i J*;i' 

©^ * y -fejKD®s*ss/M/-c s zmmmit&mz 

[0 0 12] t,*»Ltt#6. Sfiffl*^^<-r*/cJ?){C 

stt^swcicT, -e-osetii-r-sic^ti. ism 

[0013] 

[its] ±sasfl*fcii/s-r*fc»K:. 7&tmtc%&*m 

SnftMMOS F7>^X**><=>&5;<*:y-fe.>U£ 
M8tUCtt9. WEy^^^nS^^Bitt. Ml©* 

-cstgjsj^eaji^n-cfeo. Birie^2<D¥^t*ii©« 

WH*«D±W!l £ 3H£2H<4£ * ^-fil*. mem 1 

fe<t 3 o*a«*»©ifi*^»(o±4ai mmmo. t © 

i*;U^-MJ:9^3t,>C££<l$8fc£-rS. 

[0014] sfc. *?^(cft&f&©^ttiBttaai 


(3) #H¥ 1 0-92 952 
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F5>i?x*a>6&s>*y4r;i/£Si8io-c&«3. lata 

ftJBfc cfc O** 3 (D3£*ttM jJJ C ©J«T'»»J#> P>S!H 3 
titfti). Mi a^ 2 ©*3»«fll©e3W(f©T» £ 

ttt ©x**^-**. tuiam i *sjzims<D3Hmm 

[0 0 1 5 ] *fc. *^K^5ft6©#^{*IBlt$lg 
(W*«3) ». ±£3£«tteSttgB (8***1, ft* 

io 52) tcfct^r. «rtesffi*i. mm&mmt, c©ss 

IBM O S F 9 > i>X £ 5 ti/cSR^fS«Jgl©B58B 

ifi¥iwi»tnsiii. *2fcj:E)W3 

B. jtufaMOS h7>i?x$&*^W18fDt%ic> miS. 
MO S F 5>^X£©y- hifilM<hg<raB£«¥aK*JB 

£ ©i?m^ e> . c <DnmT<Dmiz&ffl&Mm £ w lass 

2o©fj8BMO S F 7 >i^X ^-C^SnfctS^Ht^ 

20 (Dwfism&zmftmam&m 1 ©^twcawEsn. 

BflSe««¥ig#Jf KB, 2 IltLh©^ * y -fe ji/*sjgflE3 

n/cSu^-<&*{5(caii©mE^^x. z> fcaxoasa > * 

f F*sjKfiS3nrt,iSC£*#S£TS. 
[0016] #2S9JCc#Sffli©¥3?#fatI^ 

(»«ai4) i*. tuiaseAi, ss^^£. c©s« 
©«raffis«*»«i**twa* i . m2 te«fcy^3 ©*^ 

30 ©US*!. wilBMOS F v>v ; X3?*5^->R < li©£* 

cc, buibmos f 7>^f ©y- F^M£fjfa»s 

¥W*H£<Z)fflIfr&. C©W®T©BUtaS®*ei^ll£ 

wriBa«¥^*e £ ©^ffl s ronHi*a2< tr § 

«5 . 15—© fcf y F iHl££rirf S 2 0©y U -fe^T 
L. PI— ©fs. F^^tWL/&l»2-o©^^ey-fejUrR 

[0017] *fc. 3i^mK:ff«ifeo¥«fHeifsa 

40 (IMQ95 ) «. ±IB*^*tBm^g (Ift^S 1 

54) (C*iUr. luiB^jS^. BuiBf-y F^£S£M 
L/. A>o|5l— ©t' v FJSfc^fTf 2o©yt 
';-fe;u-citilcc^flisn-5<t^«:i^0^-5 2o©-7- F 

[ooi8] *fc. *^cc^^{6©^»iatt^§ 

(11*316) tt. ±8B¥«ttBBtt&S (IM094) K*J 

©tff h*%**-r*»»)^5 2-^©y*';-fejL-t > itffl 
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So 

[0019] [ft-flj] ^RKflK^mttKIB. 
^*y-feJb^lffl<DMOS h5>^X£{cJ:9fl|J&3ft 

1 ffl<£>* ir J: Dli/$;3 ft fcfiE*© fe (DCCit^ 

[0 02 0] HOMOS F^>^**T-rf J &>;-feJl/* 

[0021] n ^fitig^^-r *>m 2 <om 

MOS h^>i***<B0*CHiI«IIfcSfrS. 
L/c#or, HW£*ftfc£>IS:*i* 'JT^l^OL 
* C > fiimjE £ 4>tt I L * C > fitmff £ ©HJ6D cpfB U 

«Si£<Z>y*:/J\fr&. &1DiA#>6ftfc^i* 'JTO«s?C^ 

[0 0 2 2] *fc> ^^^-rnS^«i§«, 3 
«»»©§l)B«fiCc J: 0«Jflrc * SOT, 

[0 02 3] 

(0 1 (D^JfeJfcJg) H 1 tt, #«ljg<D3r 1 OjlSfe^JgCC 
§^ DR AM^tO^^y •fe;l/^^-r?Mt^| >0 £ 
fc. i2, ^3te. ^ft^ftSl<2^y-fe;Uc£>A-A 

[0 024] coy*«;t;HJ, SO I WECcjBfiRSti 
tcl{S<Dn9- + *)lsM0S h^>^ 1 

MOS h^>t?^*<D«aLbCD»«^ ^t*^S8T 

©so i iSrtic^^jKfpgM^M^nr^ 

[0 02 5] H*, l«pS^y3>Sg^L / tfc 

iJ&SSWS ( h^>^x*««) 2 1©pS^'Jn>f2 
1 SH^Btttigc 2 2 © p Sh> y a >« 3 ©«ffi*c*t 

c 


C4) ftH¥ 1 0-92 95 2 
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[0026] m^mmm 2 1 © P m > y n >g 3 ±tc 

JRfcRW&trcUs. copI^ y n >g 5 ©WiSfiWK: 
tt, ^ft^ft?Si8g©nMKU>f>J£tfcg6*Jcfc^nM 

y - xwrnm 7 tfmiRmc mm 3 tix i > s a 

[0 02 7] CCt, p^>'Jn>i3ip®^>j3> 
y'j3>^7^-)Al4 ipl'>'j3>15i^r 
10 a>^';U-7^'j7Ajl4 <t pffl^V 3>J15 £CC<fcD 

2^1^ x oMM^iS 3 ft r t, > £ . 
[0 02 8] SOIli^S IMOXffiKlJrDjftfcUfc 
e>y 3>K{fcJi2«aa&ii^^y 3>«tfkJi 
tag. pas/y3>jB3£pa!^y3>affii £«ra 

[002 9]St * : F»«««2 2 6Ctt3RT^Wft» 

«8WBfiS3tir^s. s o 1 »«fr»r*^»i»*fT 
tc 5 *§h^ »*. *^»«««±«c^ y 3 > jg ft 

20 ^tSon^o 

[0030] ctitt, *30BB»rtt, pSi/y3>i 
[ 0 0 3 1 ] m+Bf&mmz 1 ^jS3ft/c P ^ 

^yn>B3, p2t^y=3>^l/^-»5AJB4*JJ:i^p 

y a > » 5 h tx z> *t ^Kfo m^mmomm^ 
£&pm*im\z. y-nffli occiE^EE^EnttiLr 

30 ©pat/y3>»5£y-hiBl»ii9<t<oijiffi3&>6> 4 c 

©^®t©-> y n >^>fb^ 2 £ p Mis yp>i3iO» 
Itc^oTI^^^^, ^ y n >k< tji 2 icirr 
Scfc^fc, +»cc/h3ii«ccS3c3ftrir^. ft*y 4 c 
(ommmte. ^1 cv- hms.~c& oti 2,4, 

5 © p S^*fi%i*Ktc J: -o r^f tT So 
[0 0 3 2 ] C©J:5tt«MfCcHSEr*C<!:r, MOS 

y n >H 5 J*3S»CC J: 0 X^AMJit 2 2 ©*ft 
^6B^K:»lSt3ftSC<bCcftS 0 
40 [0 0 3 3 ] 3 6tC, MOSh7>^^W>KS© 

S©r v MOS h7>^^|Jt>jj?I(D<!:t(c^Jl/ 

L^^mmmt. pi^y3>y;^^Ai4WcH 

DiA^ 6 ft ^ciE?LcDSfC cfc o T S . 
[0 03 4] niFl/^>ffiSi6in^V-xrai 

7 ccj: 0 ^^ft«i^© p mzs y n >g3 ±cc«y- f- 

«««l9*^0ry- MSI 0 3MER3ftrc^4. c 

<r>¥- b mm 1 0 « 9 - fiwl WBfisstirc* 
;o ^> a 


(5) 
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[0 03 5] itc. nSKU^>ffiliW6CCliJBiai(fli|» 

11. 1 3CCBBnStifc3>*f h*-JH 

[003 6 ] 04k. ^ffiBSOn^t^^MOS h 

V N fro p Si' V a > 9 AH 4 rtCCjEArt** < 

[0 03 7] H«C^TJ:5K:. a*T»E v (cy^l/-^ 10 

»; T "C£>£IE?L£ 2 o^fng^Opg^ y zi>y 
;l/-7^^AJ!4P < 9k&1DiA^^C<b^T?^€> 0 ^SUSB 

IT(J, pSi'y:a>yjU^~£AJi4rt*c|3Jfci&**i 
fcJE?Loa (HDii»iE7L«) ©*,>*8Ett«# (2<B 

[0 0 3 8] ccr, y- hsu occy- f^je^ep 

J»LT^ttC»«« (¥»KJ») y- httffil 0 k 

[0 0 3 9 ] C<£>ig£, pS2/y3>^7iH;Ai4 

[0 040] U/d^t, HCa«>jE3Ul3W*36cl»J»^ 
©MOS h^>^**©l,*CHMBE±* HCii»iE7L 

ib©ipih u^<;Ko«BE*y- h i o icEPiirrtitf * 30 

[0 04 1 ] CCr. MOS h7>^^©nSKU^f 

^tttwe^TOVLKsaKstirc^sfcaft, mos 

[0 04 2] ctiCCcfcO. ^kWursiK > *fc. * 
aa*BE* w r m b m&^fii^r * s <£ 5 cc 40 

<e4. 3 6(c, HCiMMBLS©*#/|N3<T*>. MO 

s h^>^^^cDWsf^kj:o, *<D/hsaa«** 
j: 0 want r l *> fejeacc8ste©#*K*mr c i 

#T'££<£ 5k&£„ 

[0 04 3] J/c, y^Vt;^lfl(OMOSh7>^ 
**r«Jffi£ftTl>S<DT\ y-t'J-b/l/j&i 1 fflcDMOS 

©feoccik^r, iHSft^§ir^^ 0 50 


#§3¥ 1 0- 92 952 
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[0044] Jt&0fc<fc3fc: fc *H*t^»-Ctt, HCii 
#>IE?LScr>i£t, > £f Stiffs k*»JfflT £ -£© & 

[0 04 5] C©*^. fu^«^C*fj£b/cfattM^ 
CCSO IIStcl«3>^^ h*»J«U 

p 3h> n >y;u 7- ^ Ajg 4 p^cDIE^L^r^l < ft < 

[0 04 6 ] *fc % «e««# (f*-*) 0'jf» 3 > 
p y n >y;l/-7- 0 AH 4 ft Cctett £IE?L 
<d£j&u- hi, p y 3>y;i/7^.^ AB4 ?HtiI 

[0 04 7] & -5 1 ottfli«t«J8K:*jWSH-i;ji*E7L 

©tt.««:*tj£ l tcMmm^<om # a*tt p s u v ^ > y 

JU^^^AJ14rtkiE7L€:fiEA-r&/c«b«:SK=2>^^ 

h «ciE«EE*aJftrr S C i «c J: 0 tf <c 5 . 

[0 04 8] IBUM^ (-r-^) (7)'Jf» 3 > 

p Mis V ^ >y;U-7- ^7 AH 4i*iCc*jW4iE?L 
OB^Iz-hi, p^yn>y;b-7-^AH4^k 

[ 0 0 4 9 ] tit, ^P»<*S8J: 0 feHDi£*ME?L«# 

[005 0] CW^, «T#©tttBCcStJ6L//cgat3Bfi-^ 
0»#ii*«pS^V 3>y^vj=.^AJH4rtKliEft«: 
j£Ar&ft:aOK:mUS(R=» # ^ h klE^JE, 
WBCc»l£L/fcKtt«#©»»ii*tt pS5> y 3 >y;U 
v^«?AJB4rt©iE7L«:3l*«< fcfe{ClS3>^^ h 

[0 05 1] ^m©0Sk*5C^rfe, il^ODRAM 

[0 0 5 2] *fc. IB^M-^ (f 1 -^) ©«f$B#k«, 

i^SL/^. CtlkJrO, pli/'J^^v^^A 
H4 tnS!V-XJt|WB7 <b©H©iE7L«i«©Sfen*+ 
^CCSUSJr* t , <fc 0 fit ^ y -f" > 5^ a > I^PbI €rf#S C <!: *s 


[0053] $fc, P§9^yn>y;Uv^r>AJ14F , 3© 

[0 0 54] S6tC, tA7b-fffll/^7^ h ( 1 •fe.iu 
y o— {&J£7fhT„ S O I S^fCttMO 

li2 2 tCHLbat b/ct 5 &c pMis 'J =i >Jf 3 i>m&.f 
2 1 Ki?SL, P^i>";=i>Ji3©iagf5 ( h is>?m) 

im+ftmm® 2 2 (t^-r*. " 20 

[ 0 0 5 5 ] c ftes^^^ 2 1 i SE£-r* £ *> tt 

, WL, , WL, . WL, •■•Affigsn 

«:^svLASieg$nTi^ 0 &m*mf&m&2 i± 

(C|«n-ent., hOTL. . WL, , WL, . WL, 
-&£V : mWMVL±m3t?2>lcZ? hUBL, , BL 
, . BL, . ••■iOiEt^ht^S. 
[00 56]fm. ^SiSSVL«. l-SBL 
. . BL, , BL, , — £3£M0. *>-?|5]— ©fc-^hfU 30 

[0 0 5 7] ^^9-1^^2 2 rtOpS->'Jn>13«: 

* f- 1 5*5|g^6nrc^o 

[0 0 5 8] St£n>* * H5B, S«±(C^)g* 

$5 b*-ju%ftisxm?-'frmM2 2<DpMis>j=i>m 40 

[ 0 0 5 9 ] Sign > * i> bmk S C L©SjE£S3gT 

(c«. 1 m<Dmm^>z>? b 1 5 i*>iSLti»iii*, 

[0 06 0] SS=i>*i7 f- l 5©g;«l -fe;U:/a ? ;? 
Bit*} 1 fi^fc«^-c?^tr©r. -fe-U^a * ^^fc£ 

mm=i > 3? * hi 5 #iusifs<t©#ftf ct& s c <t 

^ 50 


(6 > ^53^ 1 0-92952 
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[0 06 1 ] ^*>;-fe;l,©iSa(i. jB/jNft]Xai|iI^F£ 
-T££. 0 6 2FX2F = 4F-' £ 
^ ^ v &*©S?£©DRAM-t:;U©-€-ft (8F ! ) 

[0 06 2] t©£5&^;UT W£ffll,>fct2tifi^ 
( "0" , "1" ) ©##&«*, ^^i^^tijL 
«> WT©iiO-C*S„ CCttt, mC&ubJEflMft'P 

K^msz "o" . ^i,^ "i" tLxmm-rz. 

[0 063] " 1" ©«£jA^«, SSn^^^hE^ 
SCL{CiESE^E(Ja]LrSS=i>^i7 f. 1 5£/M,r 

j§i*T£Mos l-7>yx5! (iii^Mos h7>yx 

f SC£lcJ:^tf^'5 0 

[0 06 4] CC-C. MOS h^>>>*£©jURttJj(T 

-b'm (miRv-bm icaov^wmu. iiawy-F 
mmov- bm warn?- b'm) totsn^nmtn 

[0 0 6 5 ] m.&M&Bl&Zin&t. pSi/>Jn>i5 
£y-hffi^M9£©|?®*i6. •> , ;3>^{t®2£p 
Mi- V =3>jf3 £©!?Htcfaj&>oTilO'3£SJt# 1 ^ 
2 CcSErjiU Cti{C«t0#N«lR7-Ka 
Ct&iKStt/cMOS h5>^*4aj? 7 -F*«:S« 

am-7-Ktt«c8a«3ttfcMosi-7>y 

£{C!5cS. 

[0 0 6 6] S/c> t5-h«MCHLrtt. il^MOSh 

v^^xz&m&ztitctfv bm (mtRtz'y bm om 

EttOVKiSseu S«=i>^^ h l 5)&^pM>";3 

[ 0 0 6 7 ] 0 VKRje* *ttttKt«f#©£$$©fc«> 
6nMFU^>!£tJ!M6CClSly!)ior^SM*5jSy: i p ^ 


^©5»*fl«J«ciE?L©aA*SH 


y =3 > ¥ ) u v ^. 9 a ji 4 • 

»&t*S£ftoTt,»S„ 

[0 06 8] ^CT, F*CD«BE*ovtcKSE 

[006 9]-^. jgiRt , h«jew<oaw? f*k: 

h«) ©miBi, nSv-*tfc|WB7*»5@ CW fc2SS! 
£ n ^ F U >ffi|Sc^ 6 *i ^mmc^M £ tf-otttfi 
pSV y 3 >y;bv^ ^ Al 4 3 > j; H 

[0070] c©*s*. as?e» haitcffittinfeMo 

S b7>*JZ*t#mtRZ7 b&lcm&BHtcMOS b 
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[0 0 7 1 ] — "0" ©»*ii*tt, iliRMOS h 
K?-£C£0Ccfc9?Tft5. 

[0 0 7 2 ] *fl«j{Ctt, iStRfcf 9 h*M>«BE©*0 V 

[0 0 7 3 ] COfSl, SiRStifcMOS 
CD p SJ^ y ^ > Wv^^ AJU 4 fttD'JEIkDfr&Mfczx 

M 5*^Lr*wec»fflsti*. *fc, IBIS 

«^©K*tHLtt* aiRtr^ h«©«ff*o v, sir? 
^©mos h7>^$o>Ldc)inuE&ono4 | nu 

[0 0 74] *fc % Ell(t^W>fi»tt-7- F«<D«BE* 
0V. l^y hi(Mffi«:liHIVLiHl/^«CRgt 

[0 0 7 5 ] 0 6(W£<D*fe;bTU-m v Hz;l/:/ny^% 

[0 0 7 6 ] c cr, ra— ©tr * h«««rr* 2 o<d 
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